Abstract: Sarcoidosis is a chronic, heterogeneous disease which most commonly affects the lungs. Currently, evidence-based and individually tailored treatment options in sarcoidosis are lacking. We aimed to evaluate patient experiences with a home monitoring program for sarcoidosis and assess whether home monitoring is a feasible tool to enhance personalized treatment. Outpatients with pulmonary sarcoidosis tested the home monitoring program "Sarconline" for one month. This is a secured personal platform which consists of online patient-reported outcomes, real-time wireless home spirometry, an activity tracker, an information library, and an eContact option. Patients wore an activity tracker, performed daily home spirometry, and completed patient-reported outcomes at baseline and after one month. Patient experiences were evaluated during a phone interview. Ten patients were included in the study. Experiences with the home monitoring program were positive; 90% of patients considered the application easy to use, none of the patients found daily measurements burdensome, and all patients wished to continue the home monitoring program after the study. Mean adherence to daily spirometry and activity tracking was, respectively, 94.6% and 91.3%. In conclusion, a comprehensive home monitoring program for sarcoidosis is feasible and can be used in future research and clinical practice.
Introduction
Sarcoidosis is a chronic, granulomatous disorder of unknown etiology with a heterogeneous presentation and disease course. This multisystem disease can be localized in almost any organ but most commonly affects the lungs and lymphatic system [1] . Symptoms such as dyspnea, persistent cough, fatigue, and physical limitations negatively affect the quality of life (QoL) of patients and often lead to stress and even anxiety, depression, and social isolation [2] [3] [4] . Oral corticosteroids are the mainstay of treatment for patients with significant symptoms or impaired organ function. However, there is a lack of evidence-based treatment regimens for sarcoidosis, and little information is available regarding long-term effects, optimal duration, and dosage of medication [1, 5] . In practice, this may result in under-or overtreatment, with often unnecessary side-effects. In approximately 70% of patients, sarcoidosis resolves spontaneously or after treatment; in about one-third of patients, sarcoidosis becomes chronic and progressive [1] .
Recently, much research effort has been put into new "omic" techniques and the identification of biomarkers to predict disease progression in sarcoidosis to determine who is likely to have spontaneous resolution, who should be treated, and who will respond to therapy. However, there is still a long way to go before this could possibly be used to enable personalized treatment [6, 7] . Personalized medicine should not only take these biological factors into account but also patient factors, such technologies could play an important role in facilitating personalized care by frequent monitoring of lung function, activity, symptoms, side-effects, and QoL at home at a low burden for patients [10] [11] [12] . In that way, not only are more insights gained in the disease course, but therapies can also be better tailored. In an interactive survey on needs and preferences in sarcoidosis, the majority of patients supported the idea of managing their personal health-related data online. Almost all patients reported that they would be willing to measure lung function at home to enhance personalized treatment [13] .
An observational study showed that home spirometry was feasible and allowed for early detection of steroid treatment effects in sarcoidosis [14] . However, patients recorded their lung function and symptoms in a paper diary, which made it impossible to respond directly to changes in lung function or symptoms. Recently, we have developed a home monitoring program together with idiopathic pulmonary fibrosis (IPF) patients, including real-time wireless home spirometry and online recording of symptoms and side-effects [15] . Development of eHealth tools in close collaboration with patients may result in better outcomes, because the final "product" will be customized to patients' needs and wishes [11, 16] . We have adapted this home monitoring program for sarcoidosis. In the current study, we aimed to evaluate patient satisfaction and the feasibility of this home monitoring program, and to assess its possible role for future clinical trials and daily practice ( Figure 1 ).
Figure 1.
Framework for development of eHealth tools in close collaboration with patients. The current project falls within the pilot study phase.
Materials and Methods

Study Design and Population
This was a prospective observational study at the pulmonary department of the Erasmus Medical Center, Rotterdam, the Netherlands, a tertiary referral center for sarcoidosis. Consecutive outpatients with sarcoidosis were recruited prospectively at the outpatient clinic. Inclusion criteria were a diagnosis of sarcoidosis according to the ATS/ERS/WASOG criteria with pulmonary involvement and age above 18 years [1] . Patients were excluded if they were not able to speak, write, and read in Dutch, had no internet access at home, or no compatible smartphone/tablet. This study was approved by the local ethics committee (MEC-2018-1536). All patients gave online informed consent. 
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Study Procedures
Patients were invited to test the home monitoring program "Sarconline" (www.sarconline.nl) for one month. The test period consisted of daily home spirometry, activity tracking, and recording of symptoms and patient-reported outcomes (PROMs) at baseline and after one month. After one month, the test period was evaluated with patients during a phone interview.
Home Monitoring Program
Sarconline is an online eHealth application developed for patients with sarcoidosis (Curavista, The Netherlands). It consists of a secured personal platform, in which patients can keep track of their own health-related data, such as pulmonary function tests, activity, quality of life questionnaires, symptoms, and medication ( Figure 2) . Patients directly see a graphical overview of their data. There is a possibility to communicate with the healthcare team by using the email functionality (eContact). Sarconline also contains news and information about sarcoidosis and links to useful websites. The patient owns the data and determines which healthcare providers can access his or her data. Data are stored on a secured and approved datacenter with ISO27001 certification, following European safety legislations. 
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Home Spirometry
Patients received a Bluetooth-enabled handheld spirometer (MIR, Spirobank Smart, Italy) to measure pulmonary function at home. This spirometer measures forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), and peak expiratory flow (PEF). Patients were requested to send their daily results directly to Sarconline via a secured encrypted connection using a five-digit personal code. If FVC declines for three consecutive days (relative decline ≥10%), an automated email alert is sent to the research team. At baseline, patients were trained on how to use the home monitoring program, including the handheld spirometer, for approximately 20 min. Patients were considered adequately trained if they could perform three measurements with less than a 150-mL difference in the two best FVCs and difference with hospital-based spirometry was less than 10%.
Activity Tracking
Steps per day, activity level, and calories were measured with a Bluetooth-enabled wrist-worn activity tracker (Fitbit Flex 2, FitBit, Inc., San Francisco, CA, USA). Patients were instructed to wear the activity tracker at daytime. Patients who wished to track their sleep could also wear the activity tracker at night time. The Fitbit activity tracker has incorporated behavior change techniques for activity and sleep, intended to stimulate long-term behavior change (i.e., goal-setting, alerts, and rewards) [17] . Activity tracker data were imported in Sarconline.
Patient-Reported Outcome Measures (PROMs)
Patients were asked to complete a number of QoL-related questionnaires and symptom scores at baseline and after one month. The King's Sarcoidosis Questionnaire (KSQ) assesses health status in patients with sarcoidosis. It comprises 29 items in 5 subdomains: general health status, lung, medication, skin, and eyes [18] . The Euroqol-5D-5L (EQ5D-5L) comprises five questions on the domains of mobility, self-care, daily activities, pain, and mood, and a Visual Analogue Scale on general health-status [19] . The Hospital Anxiety and Depression Scale (HADS) comprises a seven-item depression scale and a seven-item anxiety scale. The scores range from 0 to 21 for either anxiety or depression. The cut-off point of 8/21 is identified for either anxiety or depression [20] . The fatigue assessment scale (FAS) is a 10-item self-administered questionnaire about fatigue in patients with sarcoidosis. The score ranges from 5 to 50 points, with a score of ≥22 points as the cut-off for fatigue [21] . Patients were asked to complete weekly VASs on fatigue, dyspnea, cough, and general wellbeing, with scores ranging from 0 to 10.
Phone Interview
During a phone interview, patients were questioned about their opinion towards the home monitoring program. Satisfaction, feasibility of the program, and ease of use of the application and different devices were evaluated with patients. Furthermore, patients were asked whether they encountered (technical) problems, wished to continue home monitoring after the pilot, and had any suggestions or advice to improve the system.
Statistical Analysis
Data are presented as median (range) or mean (SD). Adherence to home spirometry and activity tracking was assessed by dividing the total number of measurements by the total number of days and is expressed in percentage (%). Correlations between lung function (hospital and home), activity level, and symptoms were analyzed with Pearson's correlation coefficients. Differences between results of patient-reported outcomes at baseline and after one month were evaluated with the Wilcoxon signed rank test. Patient experiences, satisfaction, and use of the home monitoring program is qualitatively described. Statistical analyses were performed with SPSS version 24. A p-value < 0.05 was considered statistically significant. Because this was a pilot study, no formal power calculation could be performed. We aimed to include 10 patients based on a previous pilot study in IPF [15] .
Results
Of 11 consecutive outpatients invited to participate, 10 patients with a broad range in age, time since diagnosis, and disease severity were enrolled in this study. One patient was excluded because she did not bring a compatible smartphone. Baseline characteristics of patients are described in Table 1 . Data are presented as median (range) or n (%). BMI = body mass index, FVC = forced vital capacity, FEV1 = forced expiratory volume in 1 s, DLCO = diffusion capacity of the lung for carbon monoxide.
Home-Based Assessments
All patients managed to complete online PROMs, perform daily home spirometry, and track their activity at home. Mean adherence to daily spirometry was 94.6% (SD: 9). Home spirometry measurements highly correlated with in-hospital measurements of FVC (r = 0.97, p < 0.001) and FEV1 (r = 0.96, p < 0.001). One subject with severe airflow obstruction (FEV1/FVC of 27%) had consistently much lower home FVC results compared with hospital FVC (difference of 0.65 L or 18%). When leaving this subject out, median difference between hospital and home spirometry was 0.26 L (0.08-0.55 L), with overall lower readings for home spirometry in 78% of patients. Within-subject reproducibility was assessed; median SD of 28 FVC measurements was 0.17 L (0.09-0.38 L) and the median coefficient of variation was 5.78% (2%-8%).
Results of PROMs, lung function, and activity are summarized in Table 2 . In one patient, daily activity could not be analyzed because there were technical difficulties with sending the Fitbit results to the secured platform. For the other patients, mean adherence to daily activity tracking was 91.3% (SD: 19); seven patients had 100% adherence. One patient measured activity on only 43% of days because he was not allowed to wear the wrist-worn tracker at work. Table 2 . Home-based assessment of study patients (n = 10). Symptoms measured by HADS, FAS, and VAS and QoL measured by KSQ and EQ5D-5L were not significantly different at baseline compared to month one. Moreover, no changes in daily step count and home-based FVC were observed during the study period. There was no correlation between lung function and mean daily step count for FVC (r = −0.38, p = 0.31) and a trend toward significance for diffusion capacity of the lung for carbon monoxide (DLCO) (r = 0.66, p = 0.08). Furthermore, no correlations were found between activity level and PROM scores as well as lung function and PROM scores.
Patient Experiences
Overall, patient experiences of the home monitoring program were positive. Almost all patients (90%) considered the application easy to use. None of the patients considered daily spirometry, activity tracking, and reporting of PROMs burdensome. All patients wished to continue the use of the home monitoring program after the test period. The vast majority of patients (90%) answered that they would be willing to measure daily lung function for a prolonged period of time to enhance individually tailored treatment, to evaluate response to therapy, or for study purposes. One patient mentioned that it could possibly be distressing to be confronted with your disease every day; this patient would prefer home spirometry at a weekly interval. Patients responded that it was very useful for them to see a daily overview of their lung function; this gave better insights into the effects of medication and the progression of their disease (Figure 3 ). The direct feedback on the quality of the measurement was perceived as useful guidance.
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All patients endorsed the usefulness of activity tracking, as this stimulated them to be more active. Two patients mentioned that their activity level corresponded better with their overall functioning than lung function alone. All patients used the Fitbit to track sleep; 70% of patients found that this provided good insights in their fatigue and sleep patterns.
At baseline, patients were asked to fill in their personal goal for the upcoming period and their plan to reach this goal. Five patients wished to improve their dyspnea, four patients fatigue, and one patient general wellbeing. A few examples of how patients planned to reach these goals were to sport once a week, live a more regular life, and good adherence to medication. In the home monitoring program, patients could track their personal goal over time. One patient mentioned that this was an extra incentive to change her behavior. Most patients believed that establishing a personal goal can be of added value, especially when treatment is changed or when symptoms get worse. All patients endorsed the usefulness of activity tracking, as this stimulated them to be more active. Two patients mentioned that their activity level corresponded better with their overall functioning than lung function alone. All patients used the Fitbit to track sleep; 70% of patients found that this provided good insights in their fatigue and sleep patterns.
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During the test period, 50% of patients used the eContact option; 16 eConsultations were sent in total. Patients appreciated the short lines of communication: "If I have a problem and send a message, I get a really quick response". Patients provided various suggestions for improvement and feedback on what they felt was missing in the home monitoring program. More disease-specific information and information about lung function was desired by three patients. Some patients would like more wearable devices integrated in the app. Four patients mentioned that it could be interesting to measure oxygen saturation at home, and two patients would like to monitor their heartrate more closely. Some minor technical problems occurred during the test period, such as problems with sending activity results via the app, difficulties with completing a questionnaire, and a bad Bluetooth connection between spirometer and app. A selection of more detailed patient quotes from the evaluation interviews is given in Table 3 . Table 3 . Selection of patient quotes from the evaluation interview.
"It is very difficult to tell exactly how you felt four weeks ago. By completing the questionnaires, my personal goal, and symptoms on a regular basis, I get a better overview of my disease over time." "I think this app gives much more details about my health than the regular outpatient clinic visit every three months. This information could also be very helpful for my doctor and nurses." "For me, the app contains enough information and devices at the moment. Otherwise, I might become too much focused on my disease." "I use inhaled medication; this had a direct positive effect on my lung function. I appreciated it very much that I was able see this directly at home. Now, I really know why I have to use it." "I have quite some side-effects from my medication. I would appreciate if I also could monitor my side-effects in the app." "It is a reassuring idea that the healthcare team monitors you at a distance, and that they directly see it if your lung function declines." "Reminders on my email to perform my measurements would be very helpful for me; otherwise, I forget it sometimes. But I understand that other patients probably won't need those reminders." "When I did not reach my step goal at the end of the day, I went outside to walk around some more. Seeing my activity was very motivating." "Sometimes, it was frustrating to see my step count, especially on the days that I was very tired and not feeling well. I wished I could walk more, but on some days, that was just not possible." "Everything together, the questionnaires, overview of symptoms, lung function, and activity gave a good total picture of my health." "It would be helpful to receive some more information or education about lung function. What do the different tests measure exactly and how should I interpret the results? Maybe it is an idea to make an information movie about this. For me, that is easier to understand than text." "My sarcoidosis is very stable at the moment. I think home monitoring would be more useful if your disease is getting worse, or if you start with new medication." "I have had some technical difficulties with the connection between spirometer and the app, but when I called the helpdesk, they could help me out." "If possible, I would also like to track my heart rate. If I don't feel good, my heart rate goes up very fast. I think this would give extra information about my physical condition."
Discussion
To our knowledge, this is the first study evaluating feasibility and patient experiences with a comprehensive online home monitoring program for sarcoidosis. Patient satisfaction and adherence to daily spirometry and activity tracking were high. All patients wished to continue the use of the home monitoring program after the study. Only a small number of technical problems occurred, and patients had useful suggestions for improving the system. These suggestions, such as the possibility to report side-effects, explanation about lung function testing, and adjustable reminders will be implemented in the program. The high patient satisfaction and compliance with home-based assessments is in line with pilot studies on home monitoring in other chronic diseases [15, [22] [23] [24] [25] . Previous studies also showed that evaluation with patients yields valuable insights into how to enhance personalized medicine through eHealth solutions, with key elements described in Table 4 [11, 15, 16, [22] [23] [24] . Other studies using home spirometry in sarcoidosis and pulmonary fibrosis showed comparable results regarding correlation with hospital FVC, reproducibility, and overall lower results for home spirometry [14, 15, 26] . The current study showed a slightly higher variability between daily FVC measurements, possibly because patients measured their lung function at different times during the day. Besides, the patients who used inhaled bronchodilators did not always perform spirometry consequently before or after their medication. Hence, patients should be instructed to perform home spirometry at the same time every day, also taking into account medication use. Whether home measurements of FVC are reliable in patients with severe airflow obstruction and low exhaled flow should be studied further. It could be speculated that equipment-related factors can play a role in these patients, as the turbine flow sensors of home spirometers are probably less capable of detecting very low flow rates. Patients considered home monitoring easy and not burdensome at all, which are promising results for future applications. Real-time home spirometry in sarcoidosis can potentially be used in upcoming clinical trials evaluating the efficacy of (new) sarcoidosis treatments. If future and larger studies also show positive experiences with the use of a home spirometer, this could pave the way for use in clinical care. Home spirometry could be an attractive method to evaluate pulmonary improvement after starting or switching treatment, allowing for early tapering of medication in individual patients and facilitating timely detection of disease deterioration.
A few observational studies evaluated activity levels in patients with sarcoidosis using an activity tracker for a short period of time (5-7 days) [27] [28] [29] . The current study shows that sarcoidosis patients find it feasible and not burdensome to collect activity data for a sustained period. The range in daily step count in previous studies in sarcoidosis was between 4566 and 7490 steps. The daily step count in our study was somewhat higher; patients walked on average 9780 steps per day over a one-month period. This could be partly due to differences in sarcoidosis severity, as one previous study only included patients with chronic stage IV sarcoidosis [28] . Moreover, patients in our study mentioned that they were more motivated to walk because of the activity tracker. In contrast to previous studies in sarcoidosis, the activity tracker used in the current study is connected to a mobile application, with integrated reminders and alerts to stimulate activity. A recent survey amongst users of activity trackers showed that wearing an activity tracker increases activity levels for a prolonged period of time [30] . Studies concerning physical activity and rehabilitation in sarcoidosis are scarce; nonetheless, current evidence suggests that increased physical activity leads to better health outcomes [31] . Thus, activity trackers with incorporated behavior change techniques could potentially be of added value in future interventional studies in sarcoidosis to enhance physical activity as part of a comprehensive home monitoring or rehabilitation program. For this purpose, integration of other data, such as heart rate measurements, should also be studied in sarcoidosis patients.
The main limitation of this study is the inclusion of a limited number of patients from one tertiary referral center. Nevertheless, the number of participants was sufficient for evaluating feasibility and patient experiences with the home monitoring program. During the last evaluation interview, no new information emerged, meaning that data saturation was established. Moreover, a mixed group of patients with a broad range of age, disease severity, and treatment was included. The fact that all consecutive patients were willing to participate highlights the clinical applicability of home monitoring in sarcoidosis.
In conclusion, a comprehensive home monitoring program is feasible and can be used in sarcoidosis research. Home monitoring could also be attractive for use in daily care, though studies are needed to evaluate its role and additive value. Potentially, home monitoring may enable timely recognition and response to changes in symptoms, lung function, and activity. Especially in a heterogeneous disease such as sarcoidosis, home monitoring may pave the way for better individually tailored treatment, enhanced self-management, and improved quality of life. 
